Inclusion of thiopeptin, a sulfur-containing peptide antibiotic, at O, 2.75, 5.5, 8.25, 11 and 22 ppm in the feed was evaluated in 8-week growth trials with 252 lambs. An abrupt diet shift to micronized milo at the start of the trials was used to provide a lactic acidosis challenge. Five of 78 control lambs died within 48 hr after the challenge. In lambs fed diets containing thiopeptin at levels of 11 ppm or more, there was no evidence of lactic acidosis. Lambs given thiopeptin at 11 ppm or more ate 11% more (P<.05) and gained 20% more (P<.05) than controls during the 8-week trial. Most of the improvement occurred during the first 2 weeks. Incidence of death was lower among lambs given thiopeptin at 2.75 to 8.25 ppm, but these animals showed no improvement in performance. In another study, abruptly shifting lambs to the micronized milo diet was found to provide an acute lactic acidosis challenge. After the shift, four of eight lambs developed ruminal lactic acidosis, with one dying of systemic lactic acidosis when plasma lactate exceeded 20 /lmoles/ml. In affected lambs, ruminal lactate increased rapidly from an initial level of .2 /amoles/ml to over 130 /amoles/ml within 12 hr of consumption of the milo. Ruminal lactate returned to normal levels of less than 1/amole/ml by 30 hr in lambs that recovered. High ruminal concentrations of lactate reduced total volatile fatty acids (VFA), and ruminal pH reflected total ruminal acids. Lactic acidosis did not occur in eight lambs after the switch to micronized milo when thiopeptin was included in the feed at 22 ppm. Ruminal lactate was reduced by 68% (P<.O1) 1 Dept. of Anim. Nutr. and Physiol. 2The authors express their appreciation to Dr. Kenneth Otto for his help in carrying out the finishing and total ruminal VFA was increased by 33% (P<.05) in lambs fed thiopeptin in comparison with average levels in all controls.
Introduction
Ruminants can develop lactic acidosis if they consume excessive amounts of highly digestible carbohydrates (Baldwin, 1967 , Dirksen, 1970 . Lactic acidosis is inititated by the gram-positive ruminal microbe, Streptococcus boris, which converts starches and sugars to lactic acid (Chaplin and Jones, 1973; Hungate et al., 1952) . A prophylactic for preventing lactic acidosis could be of major importance to the feedlot industry, because present methods for controlling the disorder are based on restriction of feed intake and (or) slow adaptation to high carbohydrate diets; these controls result in reduced gain and feed efficiency.
Changing the diets of ruminants abruptly from roughage to concentrates containing ground cereal grains, such as wheat, barley or milo, has been shown to cause lactic acidosis and related problems, including increased ruminal lactate, decreased ruminal VFA and pH and anorexia (Uhart and Carroll, 1967; Tremere et al., 1968; Reid et al., 1957) . In these studies, lactic acidosis, which was caused by overconsumption, appeared to be less frequent and less severe than that reported in ruminants dosed intraruminally with ground wheat (Muir et al., 1980; Szegedi and Juhasz, 1968; Ryan, 1964) . Factors such as quantity of feed consumed, availability of dietary starches, fasting and prior adaptation of animals to diet appear to influence the severity of acidosis caused by overeating.
Previous research has indicated that thiopeptin, a sulfur-containing peptide antibiotic, is highly active against S. boris in vitro (Muir and Barreto, 1979) and that it prevents lactic acidosis in fistulated sheep challenged by trials.
intraruminal administration of ground wheat 1182 JOURNAL OF ANIMAL SCIENCE, Vol. 51, No. 5, 1980 (Muir et al., 1980) . In addition, this narrowspectrum, gram-positive antibiotic allows "normal" rumen fermentation (i.e., volatile fatty acid [VFA] production) to proceed. Objectives of the present studies were to develop a lactic acidosis challenge for lambs based on an abrupt diet shift and to evaluate thiopeptin in lamb finishing trials after such a challenge.
Experimental Procedures
Study 1. Sixteen fistulated wether lambs (average weight 35 kg) were used to determine the effects of an abrupt shift from an alfalfa meal and corn diet (B-l, table 1)to a micronized milo diet (B-11) with or without thiopeptin 3. Parameters examined included pH and VFA in rumen fluid and lactate in rumen fluid and blood. Rumen cannulas made from silicone medical-grade tubing (Driedger et al., 1970) were fitted into the lambs by the surgical procedure of P. F. Duquette, L. A. Muir, A.
Barreto, Jr. and E. L. Rickes (unpublished surgical technique). Lambs were maintained on 3Merck, Rahway, NJ 07065.
B-1 diet during a recovery period of at least 3 weeks.
Before the abrupt diet shift, lambs were fasted for 12 hours. After collection of initial blood and rumen fluid samples, lambs were fed ad libitum the B-11 diet with thiopeptin at 0 or 22 ppm. Blood and rumen fluid samples were taken every 6 hr for 36 hr and again at 48 hours. Rumen fluid samples were removed by vacuum and filtered through cheesecloth. Ruminal pH readings were taken immediately and samples were stored at -20 C for subsequent analyses. Sodium fluoride was added to blood samples (25 mg/10 ml) as a glycolytic inhibitor, and plasma samples were stored at -20 C until analyzed.
Study 2, Three lamb finishing trials were conducted to determine the minimum dose of thiopeptin needed to prevent impaired performance resulting from lactic acidosis following the abrupt shift to a micronized milo diet (B-11). Two-hundred and fifty-two crossbred lambs (average initial weight 34 kg) were used. Each trial included equal numbers of ewe and wether lambs. In the first trial, 60 lambs were fed the B-11 diet with thiopeptin at 0 or 22 ppm. In the second trial, 72 lambs were fed COn an as-fed basis according to laboratory analysis.
the B-11 diet with thiopeptin at O, 11 or 22 ppm, and in the third, 120 lambs were fed the B-11 diet with thiopeptin at O, 2.75, 5.5, 8.25 or 11 ppm. All trials were conducted in a similar manner. In each trial, lambs were divided by sex and body weight into replicate groups according to the number of treatments desired. Lambs in each replicate group were randomly assigned to pens (three lambs per pen) and treatment. Lambs were shorn and adapted to pens for at least 2 weeks. At the start of the 8-week finishing trial, all lambs were abruptly shifted from B-1 to B-11 diet treatments. Lambs went approximately 6 hr without feed before the new diets were offered. All diets were fed ad libitum. During the trials, individual lamb weights and feed consumed per pen were determined every 2 weeks. Initial and final body weights were determined by 2 consecutive day weighings. Performance data from the three trials, including average daily gain (ADG), average daily feed intake (ADF) and feed to gain ratio (F:G), were pooled and analyzed by least-squares analysis of variance (Harvey, 1960) , with initial body weight as a covariant. Main effects in the analyses included thiopeptin, sex and trial.
Analyses. Total lactate concentrations of rumen fluid and blood samples were determined by the method of Barker and Summerson (1941) . Rumen fluid samples were analyzed for VFA by gas chromatography (Erwin et al., 1961) .
Results and Discussion
Study 1. Before the switch to the micronized milo diet, lambs had ruminal pH values in the range of 6.4 to 7.2, ruminal lactate concentrations below .2 /amoles/ml and ruminal total VFA values between 20 and 80 /tmoles/ml (figures 1, 2, 3 and 4). These relatively low total VFA and high pH values were probably caused by the fast. Shifting lambs to micronized milo without thiopeptin resulted in an immediate increase in ruminal lactate (figure 1). Ruminal lactate reached 79/~moles/ml at 12 hr, and returned to normal concentrations of less than 1 /amole/ml by 30 hours. Total VFA increased initially, but decreased as ruminal lactate peaked. Ruminal pH dropped quickly, reflecting the increase in ruminal acid levels, and gradually increased as ruminal lactate returned to normal. Among control Iambs as a whole, total VFA levels were negatively correlated with ruminal lactate (r = -.781, P<.05).
Four of the eight lambs that were abruptly shifted to the micronized milo diet without thiopeptin developed extremely high ruminal lactate levels, as indicated by the areas under their 48-hr ruminal lactate curves (table 2) . The other four lambs in the control group produced ruminal lactate, but to a lesser degree. Changes in rumen pH and total VFA of lambs with high ruminal lactate were similar, and data for lamb C have been used to depict these changes (figure 2). After the feeding of micronized milo, lactate increased rapidly, reaching 130 /amoles/ml within 12 hours. Ruminal lactate started decreasing at 24 hr and returned to normal concentrations by 30 hours. Total VFA increased briefly but was greatly reduced during the period when lactate was elevated. Ruminal pH dropped quickly, reflecting the increase in ruminal acid levels, and gradually increased as ruminal lactate returned to normal concentrations.
Control lambs G (figure 3) exhibited ruminat acids and pH patterns similar to those of other lambs with high ruminal lactate, but it died at 30 hr when plasma lactate exceeded 20 #moles/ ml. Previous work indicated that death of lambs from systemic lactic acidosis occurred when plasma lactate exceeded 15 /~moles/ml (Muir et al., 1980) . Lamb G was the only animal in this experiment that showed a major increase in plasma lactate (table 2) . One-half of the lambs abruptly shifted to a micronized milo diet after a 12-hr fast exhibited changes in ruminal acids and pH that were similar to those observed in lambs dosed intraruminally with ground wheat (Muir et al., 1980) . Micronization of cereal grains, such as milo, increases more than sevenfold the degree of gelatinization of starch granules and allows a faster rate of fermentation in the rumen (Hinman and Johnson, 1974) . Thus, the severity of lactic acidosis caused by overeating micronized milo in our studies was not surprising. Failure of some lambs to develop severe acidosis may have been related to individual feed consumption, although feed intake data for individual sheep are not available.
Lambs fed micronized milo containing thiopeptin at a level of 22 ppm produced 68% less ruminal lactate (P<.01) and 33% more total ruminal VFA (P<.05) during the 48 hr than did lambs fed micronized milo alone, as indicated by the areas under the time curves for these acids (table 2) . Ruminal lactate levels in thiopeptin-treated lambs were elevated between 6 and 24 hr after feeding, but apparently not enough lactate was produced to inhibit VFA production (figure 4). There was no significant correlation between ruminal lactate and total VFA concentrations in lambs given thiopeptin. Plasma lactate levels were not elevated and none of these lambs showed signs of lactic acidosis. These effects of thiopeptin on rumen fermentation after the overeating of micronized milo are similar to those reported for thiopeptin in wheat-dosed lambs (Muir et aL, 1980) .
Results of this trial indicate that abruptly shifting lambs from an alfalfa meal and rolled corn diet to a micronized milD diet after a 12-hr fast will cause production of large quantities of ruminal lactate in about one-half of the lambs. In addition, this procedure can cause death from systemic lactic acidosis. No adverse effect on rumen fermentation was caused by shifting of lambs to micronized milD when thiopeptin was included at 22 ppm.
Study 2. Five of 78 control lambs and one of 24 lambs fed thiopeptin at 5.5 ppm died between 24 and 48 hr after the abrupt shift to micronized milD (table 3) . There was one death among lambs fed thiopeptin at levels of 8.25 ppm or more. All deaths were attributed to systemic lactic acidosis on the basis of time of death, necropsy results and the similarity of symptoms to those observed in trial 1. However, ruminal and plasma lactate data are not available and the possibility that death was caused by enterotoxemia cannot be ruled out.
During the 8-week trial that followed the lactic acidosis challenge, lambs fed thiopeptin at 11 or 22 ppm in the feed ate 11% more (P<.05) than controls (table 4) weeks immediately following the diet change, when ADF for lambs fed 11 and 22 ppm thiopeptin were 21 and 3 2% higher, respectively, than ADF of controls. Controls were unable to compensate for this reduced feed intake during the remainder of the trial. Feed intake by lambs fed thiopeptin at 8.25 ppm or less was not greater than that of controls.
Lambs fed diets with thiopeptin at 11 or 22 ppm had 20% higher ADG (P<.05) over the 8-week trial than did controls (table 5). The greatest effect of thiopeptin on ADG occurred during the first 2 weeks, when lambs fed thopeptin at 11 and 22 ppm had 71 and 86% higher (P<.05) ADG, respectively. Controls were unable to compensate for this difference in gain during the remainder of the trial. ADG values for lambs fed thiopeptin at 8.25 ppm or less were not different from those for controls.
The F:G data were more variable than ADG or ADF data. F:G ratio of lambs fed 11 ppm thiopeptin was improved (P<.05) by 8% over that of controls during the 8-week trial, while the improvement for lambs fed 22 ppm was not significant. At 2 weeks, F:G ratios were improved by 29 and 35% for lambs fed thiopeptin at 11 or 22 ppm, respectively, but these differences were not statistically significant. Feeding of thiopeptin at 8.25 ppm or less had no apparent effect on F:G during the 8 weeks.
Data from both studies show that the lactic acidosis challenge caused by abruptly shifting lambs to a micronized milo diet resulted in reduced animal performance and occasionally death. Thiopeptin added to the feed at 11 ppm or higher prevented lactic acidosis and the reduced performance and deaths associated with it.
